Towards scalable fast-neutron and reactor-antineutrino detectors
based on “Li-doped PSD plastic scintillators and SiPM arrays

.- . . . . . Collaboration:
EEEEEEEE .
Nathaniel Bowden, Timothy Classen,
l. . - - . . . Steven Dazeley, Michael Ford,
Viacheslav Li, Andrew Mabe, Edward
Reedy, Felicia Sutanto, Natalia Zaitseva
.- . . - . - . University of Michigan:
Igor Jovanovic, Tingshiuan Wu
. . . . . . . . University of Hawaii: Mark Duvall

- Presenter: Viacheslav Li
awrence Livermore National Laboratory

CPAD workshop, March 18-22, 2021
LLNL-PROC-820552. This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.




Desired detector characteristics

High fidelity resolution of:

v Timing R For IBD re.actor-famtin.eutri.no d.etectors:

to get antineutrino directionality

and to reduce backgrounds.
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For double-scatter neutron cameras:

to reconstruct direction of incoming neutrons.
v" Position
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Organic scintillator is a requirement for IBD interactions and neutron-scatter cameras.



Finer segmentation = better kinematic details

monolithic segmented




Example of the importance of
position, energy, and timing resolution
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True Neutron-source position




First prototype (undoped PSD plastic)

Segmented
PSD
Plastic
Scintillator

The dual-ended readout allows for
coincidence trigger and position
reconstruction along the rods.

Each rod is viewed by two SiPM pixels.

The light propagates along
each segment via Total
Internal Reflection (TIR).
Segments are separated by
air.

Liet al., NIM A942, 162334 (2019).



64 LLNL-made PSD
plastic (undoped)

scintillator rods
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Full-waveform data acquisition (DAQ) system

DAQ VME Struck 3316
digitizers (250 MHz)
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SiPM power

supply (27V)

Lietal., NIM A942, 162334 (2019).



Pulse-Shape Discrimination

s 0.8
g [
S : Y
3 3000F
g 0.75 : >300keVee
> 2000F
- n
1000
0.7 =
u 0 0.7
B B ' ; s Gorar L ) C)taiI/QtotaI
0.6
0.55
| 1 | ’ | | 1 | 1 1 | 1 | 1 | l | | | I | 1 | 1

o 05 1 15 2 25
Energy (MeVee)

11-cm long bars undoped

Sutanto et al., NIM A, submitted (2021).



Electronics is a limiting factor to make detector

compact and scalable
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Future multi-channel detectors would require Off-the-shelf SiPM-readout options
low-power, low-cost, fast-timing electronics (expandable beyond 1,000 channels)



Reducing the electronics footprint

128 channels

e — (per channel) m Data/event Timing resolution
o |

current readout 10.00 W $1,000.00 ~1000 Bytes 4.0 ns

| PET 0.01W $10.00 ~4 Bytes 0.1ns

Lack of waveforms makes it challenging to troubleshoot and utilize PSD.
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128 channels
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Can state-of-the-art compact
low-power electronics from
medical PET scanners be used
for double-scatter fast-neutron
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full-waveform imaging?
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9 V. Li et al. SANDD prototype, NIM A 942 (2019)



https://www.sciencedirect.com/science/article/pii/S0168900219309209

Signal splitting for Pulse-Shape Discrimination (PSD)

x64 pixels (per SiPM array)

» HEAD ~100-ns integration time  —

individual pixel

PSD measurement results
» from comparison between
these two signals.

» TOTAL ~800-ns integration time  —
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Voltage (ADC)

PSD determination — Head and Total
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Detector Concept




Preliminary Results

1 . Full waveform
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LLNL éLi-doped PSD scintillator rods

11ecm X 0.5cm X 0.5cm * Timing resolution <100 ps

e Energy resolution ~17% (Cs Compton edge) as good as with
the full-waveform digitizers.

» Sensitivity to position along the bars (~¥1cm, using timing)

 Different response to Cs (gamma) vs Cf (gamma/neutron)

* Low power (6W per 256 channels)




SiPM+PETsys
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Number of Physics Events
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Linear behavior of SIPM+PETsys
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- fit: y = 0.09974 *x + (0.547)
- fit: y = 0.09927 *x + (0.365)
- fit: y = 0.19894 *x + (0.915)
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Summary

* An antineutrino detector and neutron-imager are both under
construction using segmented Li-doped PSD plastic scintillators.

* PSD (using 8x8 scintillator array) works well with the full-waveform
digitizer system.

* Energy resolution PETsys and full-waveform digitizer are comparable.
* Timing resolution is <100ps.
 Calibrations are ongoing. We hope to test PSD in the near future.

Lhank Vu!



